Micro RNAs (miRs) are small non-coding RNAs aberrantly expressed in human tumors. Here, we aim to identify miRs whose deregulated expression leads to the activation of oncogenic pathways in human gastric cancers (GCs). Thirty nine out of 123 tumoral and matched uninvolved peritumoral gastric specimens from three independent European subsets of patients were analyzed for the expression of 851 human miRs using Agilent Platform. The remaining 84 samples were used to validate miRs differentially expressed between tumoral and matched peritumoral specimens by qPCR. miR-204 falls into a group of eight miRs differentially expressed between tumoral and peritumoral samples. Downregulation of miR-204 has prognostic value and correlates with increased staining of Bcl-2 protein in tumoral specimens. Ectopic expression of miR-204 inhibited colony forming ability, migration and tumor engraftment of GC cells. miR-204 targeted Bcl-2 messenger RNA and increased responsiveness of GC cells to 5-fluorouracil and oxaliplatin treatment. Ectopic expression of Bcl-2 protein counteracted miR-204 pro-apoptotic activity in response to 5-fluorouracil. Altogether, these findings suggest that modulation of aberrant expression of miR-204, which in turn releases oncogenic Bcl-2 protein activity might hold promise for preventive and therapeutic strategies of GC.
Gastric cancer (GC) is the second leading cause of cancerrelated death worldwide.
1 Improvement in diagnostic techniques and peri-operative management has resulted in good long-term survival for patients with early GC. Surgical resection is still the primary intervention for localized gastric tumors. However, patients with advanced disease frequently develop recurrent disease with nodal and hematogenous metastasis and peritoneal dissemination. These patients exhibit very poor survival rates. Molecular analysis coupled with genome wide approaches have identified various genetic alterations related to gastric tumorigenesis and progression. To date markers for tumorigenesis and progression of GC have not yet been discovered, and specific therapeutic targets have not been identified. 2 Micro RNAs (miRs), a class of non-coding small RNAs exert a pivotal role in several biological processes ranging from development and differentiation to apoptosis and proliferation. miRs control gene expression tightly by degrading messenger RNAs (mRNAs) and inhibiting translation. 3 Growing evidence show that miRs can act as tumor suppressors or oncogenes. miRs are aberrantly expressed in tumors when compared with matched or unmatched peritumoral samples. [4] [5] [6] [7] Altered miRNA expression in tumors frequently correlates with progression and prognosis of human tumors. Antagomirs inhibit in vitro and in vivo pro-tumorigenic activities of oncogenic miRs, 8 while reconstitution of tumor suppressor miRs promotes antitumoral activities. This clearly highlights miRs as molecular targets whose modulation might hold therapeutic promise. 9 Here, we document by profiling simultaneously the expression of 851 human miRs that gastric tumors exhibit selected differentially expressed miRs when compared with their matched peritumoral samples in an European collection. Among those miRs, we identify miR-204 that is statistically significantly downregulated in GC samples derived from three independent subsets of patients (n ¼ 123) compared with their respective matched peritumoral tissues. Notably, ectopic expression of miR-204 impairs the ability of cultured gastric cells to form colonies and to migrate. In vivo engraftment of GTL-16 GC cells is significantly reduced by stable expression of miR-204. Polyclonal mixed populations of GTL-16 cells stably expressing miR-204 are more prone to the killing of 5-fluorouracil and oxaliplatin treatment than control cells. miRs exert their biological effects through the targeting of selected mRNAs. We show that downregulation of miR-204 in GC specimens correlates with increased staining for Bcl-2 protein. miR-204 targets the 3 0 -untranslated region (UTR) of Bcl-2 and reduces Bcl-2 protein expression. Interestingly, Bcl-2 overexpression counteracted miR-204 apoptotic activity in response to 5-fluorouracil. We also show that miR-204 downregulation is a prognostic factor in GC patients. Collectively, these findings underline tumor suppression activity of miR-204 in GCs whose inactivation release oncogenic Bcl-2 protein activity. This might contribute, at least in part, to the poor response of gastric tumors to conventional anticancer therapy.
Results
Altered miR expression pattern in primary human GCs. We interrogated simultaneously the expression of 851 human miRs of 39 GC specimens and of their matched peritumoral tissues using the Agilent microarray platform. The first matched samples were obtained from 'Regina Elena' National Cancer Institute (RENCI) and San Vincenzo Hospital (SVH) subset of 39 patients (see Study Population section in Material and Methods) (Supplementary Tables  1 and 2) , and analyzed by unsupervised cluster analysis. This analytical approach allowed us to identify a signature of miRs (eight miRs) that was significantly modulated between tumoral and peritumoral tissues in both subsets of patients (Figures 1a and b) . The signature was based on ranking the statistics of different tests (paired and unpaired) with P-value o0.05 and measuring the area under receiver operating characteristic (ROC) curve. Significance of AUC was fixed to 0.7. By applying the same setting parameters to each subset of patients, we found that 62 (RENCI) and 41 (SVH) miRs were modulated, respectively (Supplementary Figures  1a and b and Supplementary Tables 3 and 4) . A group of 16 miRs was commonly modulated in both subsets of patients (Supplementary Figures 1 c-e and Supplementary Table 5 ). Mean area under curve ((AUC)40.79) between the two subsets was used to identify a signature that included the eight common modulated miRs, which most efficiently characterized the difference between tumoral and peritumoral tissues (miR-204, miR-148a, miR-31, miR-375, miR-21, miR-135b, miR-196a, miR-196b) (Figures 1a and b) . The significance level of the difference between signal distributions of the eight selected miRs within the 39 analyzed samples was determined with supervised statistical test (Figure 1c) . Unsupervised principal component analysis (PCA) showed that the eight miRs signature discriminate the group of tumor samples from that of matched peritumoral tissues. Peritumoral tissues display a more homogeneous distribution of clustered variables, while as expected, tumor samples exhibit a higher levels of heterogeneity (Figure 1d ). In order to validate the eight miR signature, we performed the qPCR analysis on 6 out of the 8 miRs. This analysis confirmed the microarray profiling data ( Supplementary   Figures 2a-f) . Collectively, these findings contribute to identify a signature of eight miRs, which is commonly modulated in gastric tumor samples derived from two independent subsets of patients.
miR-204 is downregulated in gastric tumor samples. There is growing experimental evidence that downregulation of large sets of miRs has a pivotal role in tumorigenesis independently from the type of the analyzed tumor. 10 Indeed, downregulated miRs frequently couple with loss of tumor suppressor activity. In line with this evidence, we found that 4 (miR-204; miR-148a; miR-31; miR-375) out of 8 miRs, which were differentially expressed in our analysis, were selectively downregulated in tumor tissues. Among the four downregulated miRs, we focus on miR-204 because to date, the involvement of its downregulation in gastric tumorigenesis is still the most unknown.
11,12 Thus, we extended a new set of qPCR analysis to those patients (n ¼ 84) who were not included in the first microarray analysis (Supplementary Table 6 ). Our analysis revealed that miR-204 is consistently and statistically (P-value ¼ 5.34*10 À 7 ) downregulated in a significant manner in gastric tumor specimens compared with matched peritumoral tissues from all the three analyzed subsets (Figures 2a-c) . The significance level of the difference in the downregulation of miR-204 expression obtained by either microarray profiling or qPCR analysis was normalized as folds of modulation between tumor and peritumoral tissues for each of the analyzed subset of patients.
First, we did not find statistically significant (P ¼ 0.5) difference between microarray profiling and qPCR analysis, thereby providing additional robustness to our results ( Figure 2d ). Second, when we compared the mean level of miR-204 downregulation by GC stages T1-T4, we found that there was a statistically significant difference between the miR-204 expression levels in advanced gastric tumors (stage T2-T4) versus the observed levels in T1 (Figures 2e-f) . No significant association was found with nodal status and histotype (diffuse versus intestinal) of the analyzed GC specimens ( Supplementary Figures 2g and h ). miR-204 is intragenic miRNA and it is located within the transient receptor potential melastatin-3 (TRPM3) gene, a gene belonging to the family of transient receptor potential (TRP) channels (Figure 2g) . 13 The latter resides in the long arm of chromosome 9 that is frequently deleted in human cancers. [14] [15] [16] This prompted us to investigate whether the deletion of that region caused miR-204 downregulation in gastric tumoral tissues. To this end, we evaluated the presence of TRPM3 gene loss using a PCR-based test termed Multiplex Ligation-dependent Probe Amplification. We found that 7 out of 10 analyzed GCs (70%) exhibiting miR-204 downregulation carried an heterozygous deletion of TRPM3 gene (o0.8) when compared with their matched peritumoral tissues (between 0.8 and 1.2) (Figures 2h-l) . Altogether, these findings document that miR-204 downregulation is significantly more pronounced in advanced gastric tumors. This downregulation, at least in part, occurs through the deletion of the chromosomal region containing miR-204 host gene. miR-204 is a prognostic factor for GCs. At a median follow-up of 22 months (range 0-83 months), a total of 42 out of 69 GC patients with complete follow-up data were still alive. We first evaluated whether the tumor stage (pT) of the disease, as we could expect, had a prognostic value in our series of GC patients. We conducted this analysis on 69 out of the 79 patients recruited at the RENCI being 10 patients excluded because of missing follow-up data. We observed that the overall survival of patients bearing a pT3-pT4 tumors was statistically significant lower than that of pT1-pT2 tumors (Po0.001 Figure 5a ). Furthermore, we analyzed whether the tumor downregulation of miR-204 may have a significant impact on patient survival. We classified our series of GC patients by two levels of miR-204 downregulation: patients with miR-204 downregulation lower than 0.5 fold and patients with miR-204 downregulation equal/more than 0.5. Kaplan-Meier curves showed that the latter category of patients had the worst survival in comparison with patients classified in the first category. The difference between the two set of patients was statistically significant (P ¼ 0.017; Figure 5b ). Then we analyzed the impact of Bcl-2 protein expression on patient survival. In this case, we did not observe any statistically significant difference between Bcl-2-positive and Bcl-2-negative patients (P ¼ 0.1; Figure 5c ).
To complete our observation, we evaluated whether the miR-204 level was related to the GC pT (Figure 5d and Supplementary Table S8a ). We showed that in pT1 tumors the different expression level of miR-204 (lower than 0.5, higher than 0.5 fold) was similarly distributed. In contrast, miR-204 downregulation higher than 0.5 was prevalent (P ¼ 0.01) in pT2-pT4 tumors (Figure 5d ). No significant differences in miR-204 fold expression level distributions were observed for group of patients classified by nodal stadium, tumor histotype, age and sex ( Supplementary Figure 4a-d) . Figure 5e indicated that the IHC expression of Bcl-2 was lower in the category of patients exhibiting miR-204 downregulation lower than 0.5 fold (P ¼ 0.03). There was no difference in Bcl-2 positivity with respect to the pT (P ¼ 0.82 Figure 5f ).
The impact on survival of each variable was investigated by Cox univariate regression model and log-rank test between curves. Variables with P-values higher than 0.1 were considered significant and used to build multivariate Cox regression model. Despite of correlation between cancer pT and miR-204 downregulation our results suggest the (Table 1) .
Discussion
In the present study, we performed genome wide analysis to interrogate miR expression profile of gastric tumor specimens compared with their matched peritumoral tissues. Previous work showed that differentially expressed patterns of miRs correlate with specific tumor types and unique miRs associate with progression and prognosis of tumors, including GCs. 20 There is growing experimental evidence that downregulation of large sets of miRs has a pivotal role in tumorigenesis independently from the type of the analyzed tumor. 10 Indeed, downregulated miRs frequently correspond with loss of tumor suppressor activity. Here, we found that 4 (miR-204; miR-148a; miR-31; miR-375) out of 8 miRs, which were differentially expressed in our analysis, were selectively downregulated in tumor tissues. To date, the involvement of miR-204 downregulation to gastric tumorigenesis is rather unknown. 11, 12 Of note, we documented the reconstitution of miR-204 expression impairs in vitro and in vivo the tumor potential of GC cell lines. Ectopic expression of miR-204 inhibited colony forming ability, migration and tumor engraftment of GC cell lines. These findings strongly indicate that downregulation of miR-204 in gastric tumors might coincide with loss of tumor suppressor activity and consequently favor gastric transformation. miRs exert their biological effects through the selective targeting of mRNAs whose derived proteins are either up-or downregulated. As miR-204 is specifically downregulated in GC specimens the expression of its putative targets might be upregulated. Computer-assisted analysis to search for miR-204 putative mRNA targets that were not shared with miR148a, miR-31, and miR-375 identified bcl-2 gene (Supplementary Figure 3d) , a very well-known inhibitor of apoptosis, which confers increased chemoresistance to many types of cancer cells. 21 Here, we provide evidence validating Bcl-2 as mRNA target of miR-204. First, we found that Bcl-2 protein staining is strongly increased in gastric tumors specimens compared with matched peritumoral tissues. Second, we document that miR-204 reduces Bcl-2 protein expression by targeting specific sequences within the 3 0 -UTR of Bcl-2 transcript. Third, ectopic expression of miR-204 reduces Bcl-2 protein levels in gastric tumor cell lines. Fourth, ectopic expression of Bcl-2 protein counteracted miR-204-mediated apoptosis in response to anticancer treatment. Previous reports have shown that miR-181b, miR-200bc/429 cluster, miR-497, miR-15 and miR-16 target Bcl-2 expression in GC cell lines by modulating multidrug resistance. [22] [23] [24] [25] Xenograft tumors derived from GC cell lines overexpressing Bcl-2 protein exhibited enhanced peritoneal dissemination compared with control transfectants. 26 Notably, ectopic expression of miR-204 significantly potentiates the killing effects induced by either oxaliplatin or 5-fluorouracil on GC cell lines when compared with control counterparts. Altogether, these findings mirror Bcl-2 protein, whose expression emerges to be tightly controlled by diverse miRs, as an important component of the complex molecular network underlying poor response of gastric tumors to anticancer treatment.
Surgical treatment for GCs is based on locoregional staging. Limited resections are considered the best practice in early cancer. D2 radical gastrectomy is the standard procedure for GCs. Neoadjuvant pre-operative chemotherapy and extended surgery are recommended for far advanced tumors. Of note, we evidenced that downregulation of miR-204 significantly associates with the tumor (T) stage of the analyzed GC samples. GC patients at stage T1 exhibit lower downregulation of mirR-204 than those with more advanced stage. Both T stage and downregulation of miR-204 have prognostic value for the analyzed gastric samples. This emphasizes that (a) miR-204 might be an useful molecular marker for the staging of GCs; (b) the combination of hystopathological (TNM) and molecular (miR-204, Bcl-2, p53 status, ErbB2, c-myc and others) features might strongly contribute to a rather accurate staging of gastric tumors. Preliminary findings suggest that 9q21.12 chromosome portion, where miR-204 is located within intron 6 of human TRPM3, is selectively deleted in tumoral tissue when compared with matched peritumoral samples. A rather attractive challenge would be that of assessing whether a gradient of miR-204 downregulation occurs within T1 gastric patients and is able to predict which of them will advance or not. The impact of Bcl-2 aberrant protein expression on the survival and disease progression of GC patients is rather controversial. Recent evidence shows that Bcl-2 expression of gastric tumor patients analyzed in 501 patients who underwent curative D2 gastrectomy was related to good survival and was an independent prognostic factor for GC patients. 27 In agreement with these findings we also document that Bcl-2 expression might be an independent prognostic factor in the European GC patients. Unlike previous evidence we show that GC patients with Bcl-2-positive staining exhibit shorter survival than Bcl-2-negative patients. This apparent discrepancy might contribute to decipher, at the molecular level, the differences existing between Asiatic and European GC patients, namely the incidence of early GC and the striking differences in the outcomes, stages and treatments being equally in the hemispheres. Indeed, miR expression profiling of GC patients from two independent subsets of Japanese patients has identified a signature of miRs including 22 upregulated and 13 downregulated. 20 Some of them (miR-148a, miR-181a/b, miR-92, miR-93, miR-375, miR-21, miR-25, miR-135b, miR-425, miR-29c and miR-30a/b/c) are also differentially expressed in our analysis, while downregulation of miR-204, which has prognostic value, appears to be specific of the three independent subsets of European patients in our study. The recruitment of additional subsets of European GC patients might prove further or disprove that the modulation of miR-204 is specific of European GC tumors. There is growing evidence that miRs differentially expressed in tumors can be detected in plasma. Tsujiura et al. 28 reported that circulating miRs can be evidenced in the plasma of GC patients. They specifically show that the plasma concentration of miR-17-5p, miR-21, miR-106a, miR-106b was higher in GC patients compared with health volunteers. 28 Extensive profiling of circulating miRs as counterparts of those differentially miR-204 targets Bcl-2 expression A Sacconi et al expressed in gastric tumors might turn very useful in staging and monitoring GC patients. miR-204 downregulation bears potential of being analyzed aiming at this purpose.
Notwithstanding the improvements in quality of surgery and multimodality treatments, GC prognosis is poorly developed, as it is still the second leading cause of cancer-related death worldwide. While a significant therapeutic success has been obtained for early GC, very little is available for tackling advanced and disseminated gastric tumors. Our findings contributed to the identification of molecular alterations in GCs whose management might hold therapeutic potential.
Materials and Methods
Study population. Because of the rare condition, in this study we included 123 GC patients subsequently enrolled at three different hospitals in Italy: RENCI in Rome (RENCI) (n ¼ 79) (Supplementary Table 1) , the SVH in Taormina (n ¼ 32) (Supplementary Table 2 ) and the S. Andrea Hospital (SAH) in Rome (n ¼ 12) (Supplementary Table 6 ). We evaluated 111 GCs from formalin-fixed and paraffin-embedded tissues (FFPE) and 12 GCs, recruited at the SAH, from frozen fresh tissues. Patients recruited in the study between 2005 and 2008 had a median follow-up of 22 months. However, the 12 patients from SAH were recruited in 2011 and did not have significant follow-up to be included in the longitudinal section of the study. From each patient, we collected tissue samples from the tumor lesion and from the uninvolved peritumoral mucosa, which was defined as the portion of tissue located at 2 cm from the resection margin of the tumor lesion.
In order to identify the miRs differentially expressed between the tumoral and the peritumoral areas, we conducted the first step of the microarray analysis on 20 patients from the RENCI and 19 from the SVH for a total of 39 tumors and peritumoral matched samples. Subsequently, we validated the results on the remaining 84 patients (of the initial 123): 59 from RENCI, 13 from SVH and 12 from the SAH. The follow-up of RENCI patients has been carried out through the individual checking of the vital status.
The ethical committee of each institute has approved the study.
Cell cultures and treatments. Human cell lines GTL-16, N87, HEK293 and H1299 were grown in DMEM medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum, penicillin (100 U/ml) and streptomycin (100 ug/ml) at 37 1C in a balanced air humidified incubator with 5% CO 2 .
For chemoresistance experiments, cells were treated with oxaliplatin (ELOXATIN from Sanofi Aventis, Paris, France) and 5-fluorouracil (Fluorouracil from Teva Italia S.r.l.) at the indicated concentration for 2 weeks. For stable cell lines, GTL-16 and N87 were transfected with the pCMV-MIR-204 (miR-204) and pCMV-MIR vector (EV) from OriGene Technologies using Lipofectamine 2000 (Invitrogen) following the manufacturer's instruction. The day after transfection the standard media was replaced with media containing G418 (Invitrogen) at a concentration of 400 mg/ml. Cells were maintained in selection for 2 weeks.
Wound healing assay. GTL-16 GC cell lines stably transfected with pCMV-MIR-204 (miR-204) and pCMV-MIR vector (EV) were grown to 80% confluence in 6-well tissue culture plates and wounded with a sterile 20 ml pipet tip to remove cells by two perpendicular linear scrapes. The progression of migration was photographed immediately and at 24-48 h after wounding.
Colony formation assay. GTL-16 and N87 cells, stably transfected with pCMV-MIR-204 (miR-204) and pCMV-MIR vector (EV) from OriGene Technologies were seeded at 500 and 1000 cells/well, respectively, into 6-well dishes (CORNING-COSTAR, Tewksbury, MA, USA). Cells were stained with crystal violet and colonies counted after 10 and 14 days later, respectively.
Lysate preparation and immunoblotting analyses. Cells were lysed in buffer with 10 mM Tris-HCl pH.8. 9 M UREA, 0.2% NP-40 (Igepal AC-630). Fresh DTT at final concentration of 200 mM was added prior use. Extracts were centrifuged at 14000 Â g r.p.m. for 15 min to remove cell debris. Protein concentrations were determined by colorimetric assay (Bio-Rad, Hercules, CA, USA). Western blotting was performed using the following primary antibodies: RNA extraction, labeling and microarray hybridization. RNA from FFPE samples was extracted using the miRneasy FFPE kit (QIAGEN, Gaithersburg, MD, USA) following the manufacturer's instructions. The concentration and purity of total RNA were assessed using a Nanodrop TM 1000 spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). Total RNA (100 ng) was labeled and hybridized to Human miRNA Microarray V2 (Agilent). Scanning and image analysis were performed using the Agilent DNA Microarray Scanner (P/N G2565BA) equipped with extended dynamic range (XDR, Agilent Technologies, Santa Cruz, CA, USA) software according to the Agilent miRNA Microarray System with miRNA Complete Labeling and Hyb Kit Protocol manual. Feature Extraction Software (Version 10.5; Agilent Technologies) was used for data extraction from raw microarray image files using the miRNA_105_Dec08 FE protocol.
GC xenografts. Four-weeks old CD1 nude mice (n ¼ 6/each group, Charles River) were subcutaneously injected with GTL-16 GC cell lines stably transfected with pCMV-MIR-204 (miR-204) and pCMV-MIR vector (EV) from OriGene Technologies (2 Â 10 6 cells/mouse) and tumor volume was evaluated twice a week. Animals were killed and xenograft excised after 1 month from the injection. Tumor volume (cm Apoptosis assay. The extent of apoptosis was evaluated by Annexin V staining. GTL-16 gastric cells stably expressing miR204 were transfected with three different concentrations of the pCDNA3-Bcl-2 vector (500 ng, 1 mg, 2 mg). Forty-eight hours post transfection cells were stained with FITC-conjugated Annexin V antibody (AbCam, Cambridge, UK) and analyzed by flow cytometry. The same setting was used for 293T human embryonic kidney cells cotransfected with pCMV-MIR-204 (miR204) and pCDNA3-Bcl-2 and treated with 5-fluorouracil (4 mM) for 24 h. Counterstaining with propidium iodide (20 mg/ml) (Sigma-Aldrich) was used to check for membrane integrity.
Bioinformatic and statistical analysis Microarray data analysis:
Preprocessing. The signal of 851 human miRs was processed on Agilent microarray platform. Signals were verified for quality control and extracted by Agilent Feature Extraction 10.7.3.1 software (Agilent Technologies) and processed by MATLAB (The MathWorks Inc., Natick, MA, USA) in house-built routines. All values lower than 3 were considered below detection and thresholded to 1. The arrays were quantile-normalized forcing each slide to assume the same mean distribution and log2-transformed.
Features selection. miRs signature was obtained basing on ranking the statistics of different tests with P-value o0.05, measuring area under ROC curve, setting a significant level for AUC to 0.7. Specifically, non-parametric Wilcoxon test and T-test was used for comparison of subgroups of patients considering both paired and unpaired samples. Same setting parameters were used independently on the two subset of patients, and most deregulated miRs replicated on both set were used as resulting signature. miRs of the signature were ranked basing on the mean AUC of each miR between subset of patients. Unsupervised and supervised classification techniques such as PCA and Hierarchical Clustering were used to distingue different tissues (tumoral and peritumoral) from the same patient basing on a restricted signature of these miRs. Differences in the signal distribution and distance between intensity levels of subgroups of samples were tested overall the 39-matched samples using a restricted signature composed by the first 8 miRs with the best mean AUC ranked from the 16 common features.
Features validation. Real-Time PCR (RT-PCR) was used as alternative technique to validate 6 out of 8 miRs of the signature on a representative group of samples. In particular, we focused our investigation on miR-204, one of the most downregulated feature in both the case studies. We collected 92-matched samples also including samples from a third institute: 64 patients (tumoral and peritumoral paraffin-embedded tissues) from RENCI cohort, 16 patients (tumoral and peritumoral paraffin-embedded tissues) from SVH cohort, and 12 patients with tumoral and peritumoral frozen tissues from SAH in Rome. Eight patients out of the 92 were already studied on Agilent platform. Overall 123 cases, counting tumoral tissue and peritumoral tissues, were analyzed as described by RT-PCR or Agilent microarray platform.
The RT-PCR signals of miR-204 were normalized by RNU6B. In order to investigate correlation between miRNA's signal and clinical patient's outcome, we calculated fold change between tumoral and peritumoral samples in order to merge signals generated from different platform.
Clinical variables investigation. The log-rank test was used to assess differences between subgroups. A multivariate Cox proportional hazard model was also developed using stepwise regression (forward selection) with predictive variables with a P-value o0.1 in the univariate analyses. w
